A strictly aerobic, Gram-stain-negative, rod-shaped, motile by gliding and yellow-orange pigmented flavobacterium, designated strain 9Alg 151 T , was isolated from the Pacific red alga Tichocarpus crinitus. Phylogenetic analysis based on 16S rRNA gene sequences showed that the novel strain fell into the genus Aquimarina of the family Flavobacteriaceae with a 16S rRNA gene sequence similarity range of 94.2-98.2 % to the recognized species of the genus. Strain 9Alg 151
The genus Aquimarina, a member of the family Flavobacteriaceae, was proposed to accommodate strictly aerobic, Gram-negative, rod-shaped, motile by gliding, oxidasepositive and yellow-pigmented marine bacteria [1] . Before long, the genus description was emended due to the reclassification of the genera Gaetbulimicrobium and Stanierella as Aquimarina brevivitae comb. nov. and Aquimarina latercula comb. nov., respectively [2] . Later, the new diagnosis of the genus was given by Lee et al. [3] on the basis of newly obtained phenotypic data. At the time of writing, the genus Aquimarina comprises 20 species with validly published names (www.bacterio.net/aquimarina.html). The majority of Aquimarina species were isolated from seawater samples [1, [4] [5] [6] [7] [8] [9] [10] , marine sediments [3, [11] [12] [13] , a salt pan [14] and a marine aquarium [15] , and described as free-living organisms. Some species were associated with marine animals, including sponges, sea urchins, mussels and shrimps [2, [16] [17] [18] [19] [20] . Only two species, Aquimarina agarilytica and Aquimarina agarivorans, were recovered from the red algae Porphyra haitanensis and Gelidium amansii, respectively [21, 22] .
During the course of a survey of bacterial diversity of the red alga Tichocarpus crinitus, a heterotrophic, aerobic, yellow-pigmented strain, designated 9Alg 151 T , was isolated. Phylogenetic analysis based on 16S rRNA gene sequences revealed that the novel isolate belonged to the family Flavobacteriaceae and clustered with members of the genus Aquimarina, in which it formed a distinct lineage. The aim of the present study was to define a taxonomic position of the novel strain belonging to the genus Aquimarina on the basis of its phylogenetic, genotypic and phenotypic characteristics.
Strain 9Alg 151
T was isolated from the red alga Tichocarpus crinitus collected from Troitsa Bay, Gulf of Peter the Great, Sea of Japan (also known as the East Sea), Pacific Ocean, Russia (GPS coordinates 42 37¢ 21¢ N 131 8¢ 6¢ E), as described previously [1] . After primary isolation and purification on marine agar 2216 (MA; DB) at 28 C, the strain was stored at The new isolate and the reference strains were routinely cultivated on MA and used for comparative taxonomic analyses, including phenotypic, chemotaxonomic and genomic characterization.
Phenotypic analysis was performed by using previously described methods [23] . Production of flexirubin-type pigments was determined using the 20 % KOH test as described by Fautz and Reichenbach [24] . Physiological and biochemical properties of the novel isolate were also tested using the API 20E, API 20NE, API 50CH and API ZYM systems (bio-M erieux), according to the manufacturer's instructions except that the galleries were inoculated with cells suspended in artificial seawater and incubated at 28 C. Cell motility was determined by the hanging-drop technique [25] using the light microscope. Gliding motility was assessed as described by Bowman [26] . The temperature range for growth was 4-37 C at interval 1 C and assessed on MA. Susceptibility to antibiotics was examined by the routine diffusion plate method. Discs were impregnated with the following antibiotics (µg per disc unless otherwise stated): ampicillin (10), benzylpenicillin (10 U), carbenicillin (100), cefalexin (30) , cefazolin (30) T were grown under optimal physiological conditions (at 28 C for 48 h on MA). Fatty acid methyl esters of strain 9Alg 151
T and its closest relatives were prepared according to the methods described by Sasser [27] using the standard protocol of the Sherlock Microbial Identification System (version 6.0, MIDI) and analysed on a Shimadzu GC-21A chromatograph equipped with a fused-silica capillary column (30 mÂ0.25 mm) coated with Supercowax-10 and SPB-5 phases (Supelco) at 210 C. Cellular fatty acids were identified by using equivalent chain-length measurements and comparing the retention times to those of authentic standards. The polar lipids of strain 9Alg 151
T and the reference strains were extracted using the chloroform/methanol extraction method of Bligh and Dyer [28] . Two-dimensional thin-layer chromatography (TLC) of polar lipids was carried out on Merck Kieselgel 60-HPTLC (6Â6 cm) device using chloroform/methanol/water (65 : 25 : 4, by vol.) in the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) in the second dimension [29] . The spray reagents used to reveal the spots were 10 % sulfuric acid in methanol, molybdate reagent, ninhydrin and a-naphthol. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) and purified by TLC, using a mixture of n-hexane and diethyl ether (85 : 15, v/v) as the solvent. Isoprenoid quinone composition was characterized by high-performance liquid chromatography (Shimadzu LC-10A) using a reversed-phase type Supelcosil LC-18 column (15 cmÂ4.6 mm) and acetonitrile/2-propanol (65 : 35, v/v) as a mobile phase at a flow rate of 0.5 ml min À1 as described previously [30] . The column was kept at 40 C. Quinones were detected by monitoring at 270 nm and were identified by comparison with known quinones from reference strain Bizionia paragorgiae KMM 6029
T [31] selected from the family Flavobacteriaceae, of which the genus Aquimarina belongs.
DNA was isolated following the method of Marmur [32] and DNA G+C content was determined by the thermal denaturation method [33] . For determination of the 16S rRNA gene sequence, the genomic DNA of strain 9Alg 151 T was extracted by using a genomic DNA extraction kit following the manufacturer's instructions (Macherey-Nagel). The 16S rRNA gene was amplified and sequenced using the universal bacterial primers: 27F (5¢-AGA GTT TGA TCC TGG CTC AG-3¢) and 1492R (5¢-GGT TAC CTT GTT ACG ACT T-3¢). Three additional primers, 337F (5¢-GAC TCC TAC GGG AGG CWG CAG-3¢), 785F (5¢-GGA TTA GAT ACC CTG GTA-3¢) and 518R (5¢-GTA TTA CCG CGG CTG G-3¢), were used to sequence 1464 nt of the gene by using an ABI3730XL automated sequencer (Applied Biosystems) by BioFact (Daejeon, South Korea). To reconstruct a phylogenetic tree based on 16S rRNA sequences, phylogenetic neighbours were selected by comparing the gene against the database containing type strains with validly published prokaryotic names implemented in the EzTaxon server [34] . The retrieved 16S rRNA sequences of the related strains were aligned with the CLUSTAL_W program [35] . Phylogenetic trees were reconstructed by using MEGA version 7 [36] according to the neighbour-joining, maximumlikelihood and maximum-parsimony methods [37] [38] [39] . Kimura's two-parameter model was used as a substitution model in the neighbour-joining tree [40] . The topology of the phylogenetic trees was evaluated by performing a bootstrap analysis with 1000 bootstrapping trials [41] .
The morphological, physiological and biochemical characteristics of strain 9Alg 151 T are given in the species description and in Table 1 . Cells of the strain were strictly aerobic, Gram-stain-negative, motile by gliding, rod-shaped and yellow-orange coloured. They grew in the presence of 0.5-5 % NaCl and at 5-34 C, and hydrolysed aesculin, agar, gelatin, starch, Tween 40, DNA and chitin. The strain was sensitive to carbenicillin, cefalexin, chloramphenicol, erythromycin, lincomycin, ofloxacin, rifampicin, nalidixic acid and vancomycin, but resistant to ampicillin, benzylpenicillin, cefazolin, doxycycline, gentamicin, kanamycin, neomycin, oleandomycin, oxacillin, polymixin, streptomycin and tetracycline ( Table 1 ). The novel isolate demonstrated common properties which are characteristic for Aquimarina species, but it could be clearly discriminated from its nearest neighbours by the presence of a set of phenotypic traits, as shown in Table 1 .
The predominant fatty acids of strain 9Alg 151 T (>5 % of the total) were iso-C 17 : 0 3-OH, iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 15 : 0 3-OH, iso-C 16 : 0 , iso-C 17 : 1 !8c and summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 !7c fatty acids) ( Table 2 ). The fatty acid profile of the new isolate resembled those of the type strains of recognized Aquimarina species but several differences in the proportions of some fatty acids were found (Table 2 ). For example, strain 9Alg 151 T contained higher amounts of iso-C 16 : 0 , C 16 : 0 , iso-C 18 : 0 and iso-C 17 : 1 !8c and lower amounts of T . All strains were positive for the following tests: respiratory type of metabolism; gliding motility; hydrolysis of gelatin and DNA and catalase, oxidase, alkaline phosphatase, acid phosphatase, leucine arylamidase and valine arylamidase activities. All strains were negative for the following tests: hydrolysis of urea; hydrosulfide, indol and acetoin production; acid production from 
Acid formation from: Table 2 ).
The polar lipid profile of strain 9Alg 151 T comprised phosphatidylethanolamine, three unidentified aminolipids and three unidentified lipids (Fig. 1) . It was similar to that of A. aggregata but differed from the profile of A. longa by the presence of the unidentified aminolipid AL2 and unidentified lipid L3 (Fig. 1) . The presence of the unidentified aminolipid AL2 and the absence of unidentified aminolipid AL4 distinguished strain 9Alg 151 T from A. macrocephali and A. pacifica (Fig. 1) . Moreover, the novel isolate could be differentiated from A. pacifica by the presence of unidentified aminolipid AL3. The single respiratory quinone of the novel strain was menaquinone 6 (MK-6) in accordance with that reported for members of the family Flavobacteriaceae [42] .
The G+C content of strain 9Alg 151 T was 32.6 mol%. This value was in agreement with those reported for its closest relatives (Table 1) . DNA-DNA relatedness between the algal isolate and the type strains of A. aggregata, A. pacifica, A. macrocephali and A. megaterium was not determined because they demonstrated only 98.2, 98.1, 97.4 and 97.1 % 16S rRNA gene sequence similarity, respectively. This value is significantly lower than the value of 98.7-99.0 % recommended by Stackebrandt and Ebers [43] for mandatory performing of the DNA-DNA experiments for delineation of prokaryotic species.
The almost-complete 16S rRNA gene sequence (1468 nt) of strain 9Alg 151 T was determined. Phylogenetic analysis revealed that the novel strain is a member of the family Flavobacteriaceae, class Flavobacteriia, phylum Bacteroidetes, and formed a distinct evolutionary lineage within the genus Aquimarina. In the neighbour-joining tree based on 16S rRNA gene sequences, strain 9Alg 151 T formed the coherent cluster with the type strains of the recognized species A. aggregata, A. pacifica, A. macrocephali, A. muelleri and A. longa with the 16S rRNA gene sequence similarity values of 98.2, 98.1, 97.4, 96.8 and 96.1 % (Fig. 2) . Similar topologies were found in tree generated with the maximum-likelihood and maximum-parsimony algorithms (Fig. 2) . The 16S rRNA gene sequence similarity between strain 9Alg 151 T and the type strains of the other validly published species of the genus Aquimarina was in range of 94.2-97.1 %.
The phylogenetic, genotypic, chemotaxonomic and phenotypic evidence presented here supports the affiliation of the algal isolate to the genus Aquimarina and clearly indicates that strain 9Alg 151
T represents a novel species of the genus, for which the name Aquimarina algiphila sp. nov. is proposed. 
